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EXECUTIVE SUMMARY

A UK literature review has been conducted on behalf of EQE International Inc., Houston, in
support of the Joint Industry Project on Human Factors in Offshore Operations. The types of
information reviewed include past and current methods of human factors assessment; UK incident
and accident data; and human factors issues concerning well control, service vessel operations
and crane operations.

The review has focussed on identifying techniques that may be applied in the assessment of
hazards associated with offshore activities. Summaries of potentially useful methods are
presented with information concerning previous applications and possible advantages and
disadvantages. '

At present, human error data pertaining to offshore activities in the North Sea are scarce. The
study has identified that the shortage of relevant information has been a factor in the general
reluctance of the UK oil and gas industry to perform human reliability assessments of offshore
activities.
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1.0

INTRODUCTION .

A UK literature review has been conducted on behalf of EQE International Inc., Houston,
in support of the Joint Industry Project on Human Factors in Offshore Operations.

The objective of the review was to identify, obtain and review published information
regarding the impact of human factors on offshore operations. More specifically, the
study concentrated on literature pertaining to conditions experienced by the UK offshore
industry. The types of information that have been reviewed include:

- past and current methods of human factors assessment applied in the UK;
- UK incident and accident data;
- literature dealing specifically with human factors issues concerning:

- well control;
- service vessel operations; and
- crane operations.

A coarse evaluation of techniques has been performed to identify those which have the
potential to be applied in human factors assessment of offshore activities.
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2.0 METHODOLOGY

Figure 1 illustrates the methodology employed in conducting the literature search and
review. ‘

The study has employed the resources of EQE’s in-house libraries in Aberdeen and
Warrington, and also those of Aberdeen City Library, Aberdeen University Library and

. Robert Gordon University Library. EQE’s arrangements with these libraries have
provided access to: '

- each library’s collection (books, joumnals, etc);
- CD-Rom databases;

- Bath Information Database System (BIDS); and
- British Lending Library (BLL) collection.

Information databases (COMPENDEX and Petroleum Abstracts) have been examined to
generate a list of potentially relevant references. The following key phrases were
employed in conducting the search:

- human error

- human factors

- human failure

- human reliability
- task analysis

- task modelling

- influence diagram
- blowout

- kick

- kick detection

- service vessel

- crane

A number of external agencies have also been contacted to establish further contacts,
identify additional references and gather relevant human factors information and

literature. These are listed in Table 1.

A schedule of the material obtained is presented in Table 2. There are also a number of
documents which, although they may be relevant, we have not been able to obtain during
the duration of the study. References to these documents appear in Table 3.
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REVIEW
Coverage

In accordance with the objectives, the literature search and review has been focussed on
information pertaining specifically to offshore operations in the UK. However, a
significant quantity of more general human factors literature has been developed in other
sectors of industry and in different parts of the world. Hence, a selection of more general
but relevant literature has been incorporated within the survey.

It is evident from the schedule of material obtained (Table 2) that a significant proportion
of the literature has been published fairly recently. The review is considered to have
featured much of the latest infermation available in the public domain.

The scopé of the review was limited to published literature and, by definition, did not
extend to proprietary information held in corporate libraries. However, this is
acknowledged as a significant source of information.

Relatively little cross-referencing is observed within the population of literature surveyed.
In the main, this may be attributed to the breadth of the subject area defined in the scope.
The coverage may therefore be characterised as more broad than it is deep.

Human and Organisational Factors

In recent years, advances in engineering technologies and design of equipment have
produced significant improvements in the integrity of production facilities. As a
consequence of these ‘hardware’ improvements, an increasing proportion of incidents may
be attributed to human error. This has resulted in greater examination of the contribution
of human factors to thé causes of incidents. Inevitably, the development of methods to
reduce the potential for human error is attracting significant interest from industry and
regulators alike. This is particularly the case in the offshore industry, where a high
proportion of activities involve human interaction in some way, and where human failures
have the potential to cause accidents of greater consequence than is perhaps the case in
other industries.

In guidance for considering human factors in the control of risk, HSE (1993, ref.1) and
the Engineering Council (1993, ref.2) describe three areas of influence which affect
human performance - the organisation, the job and personal factors. The guidance
encourages management to consider not only the errors individuals might commit, but
also the underlying managerial and environmental conditions that contribute to the
causation of accidents. -

In a review of human errors in process safety, Wreathall (1993, ref.3) acknowledges that
the human contribution to disasters is only partly specified by the human factors and
organisational issues. One part missing is the context in which the actions take place.
Work is only just starting in this area and, as yet, no methods exist to identify the
specific conditions necessary to induce an error from an operator. -

o
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3.3

At this point a distinction may be made between techniques that are applied to address
human factors at the individual level and those applied at the organisational level.

Methods that fall into the latter category may generally be described as audit-based, e.g.
see Donald er alia (1991, ref.4) and Embrey (1989, ref.5). Many involve the use of
questionnaires and structured interviews at various levels of the management system,
followed by an analysis of the responses to provide an indication of the organisation’s

integrity as a whole. The subject of this type of assessment is usually an entire worksite.

Examples of this type of assessment tool are:

- MANAGER, developed with HSE funding (ref.6,7);

- FLAIM, developed with US Minerals Management Service funding for assessing
fire hazards offshore; and

- TRIPOD, developed for oil industry applications and funded by Shell (ref. 8-11).

The remainder of this review concentrates on techniques aimed at addressing human
factors at the individual level. The subject of this type of assessment is a specific task or
activity. Organisational factors are only considered as they affect individuals’ abilities to
carry out the given task correctly and are treated as influences, or ‘performance shaping
factors’. The importance of any particular organisational factor may only become
apparent once several activities have been assessed within a given worksite.

Human Factors in Hazard Assessment

Hazard assessment involves consideration of the combined influence of equipment
(hardware) and human performance on system integrity. The following is an account of
how human factors may be addressed within hazard assessment. The contribution of
hardware reliability, although significant in affecting the system as a whole, is not the
focus of this review. Elements of a human reliability assessment (HRA) may be
summarised as follows:

Problem Definition. :
The activity which constitutes the subject of the assessment is defined in terms of the
system objective and the process by which it is achieved. In the context of hazard
assessment, the system objective is defined in terms of a safety goal. This ensures that
subsequent analyses are concentrated only on those actions which are relevant to the safe

execution of the task,

Error Identification. _

The model of the system is analysed to identify the potential for human errors to occur,
their underlying causes and opportunities for recovery action. Various taxonomies and
theoretical models of human erTors exist, many of which form the basis for human error

analysis techniques.

Representation.
The aim at this stage is to produce a clear and understandable representation of the

system and failure-producing conditions. This should illustrate the potential for error-
producing conditions to occur and how failures may be propagated through the system
to produce undesirable consequences.

e el
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Assessment.
The consequences of human errors are analysed to estimate the system’s capability of

meeting its objective. The contributions of specific errors and their underlying causes are
analysed in terms of their impact on overall system performance. An initial qualitative
assessment may be performed to screen out errors with insignificant impact on safety.
Selected failure conditions may then be subjected to further assessment, which could
involve quantitative analyses.

Risk Reduction.
The aim at this stage is to identify risk reduction measures and assess their effectiveness

in improving system reliability. This may involve some form of sensitivity analysis to
demonstrate that the benefits of implementing modifications to reduce or control risk are
cost-effective. -

DeJoy (1990, ref.12) and Kirwan (1990, ref.13) aiso present generic methodologies for
comprehenswe human rehablhty assessment. Kirwan is a particularly useful document
in that it defines what output is expected at each stage of the assessment and identifies
the most prominent and promising of the methods available at the time, many of which

are described below.

Techniques for Conducting Human Reliability Assessments

This section of the review is a summary of techniques which appear appropriate for
analysing offshore activities. The principal sources of information have been identified

and are reported here.

A framework for addressing the impact of human factors within hazard assessment is
described in the preceding section. The techniques available are now summarised in terms
of the elements just described. Some of the techniques cover many or all of the elements
and some techniques are submethods of others. In practice the boundaries between
elements of an assessment are not clearly defined, inevitably resulting in some overlap.

Hashemi (1992, ref.14) outlines the main human factor related issues affecting the safe
design and operation of offshore installations and examines the effectiveness and
practicality of considering complex human factor issues within safety studies.

The literature contains a number of publications whzch provide broad overviews of
techniques in general.

The principal guide on task analysis is reputed to be Kirwan & Ainsworth (1992, ref.15).
Part 1 provides an overview of the task analysis process, Part 2 describes 25 types of task
analysis techniques, and Part 3 demonstrates the application of task analysis techniques
using ten case studies. The guide divides the techniques into five categories:

1. task data collection methods, e.g. task observation; interviews; analysis of
procedures; incident analysis; structured walkthroughs of procedures; and
examination of system documentation;

2. task description methods, e.g. charting and networking; task decomposmon and
hierarchical task analysis;
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3. task simulation methods;
4. task behaviour assessment methods (error identification within task analysis); and
5. task requirements evaluation methods.

By encompassing all these aspects, the guide considers techniques within its definition of
‘task analysis’ that extend beyond the problem definition stage of human reliability

assessment.

Williams & Munley (1992, ref.16) also discusses methodologies for identifying the
potential for human error in industrial systems, and describes the limitations of current

systematic techniques such as HAZOP-based approaches.

The Human Reliability Assessor’s Guide (1988, ref.17) comprises a comprehensive
survey and evaluation of eight techniques for quantitatively determining human error
probabilities. Part 1 of the guide defines the criteria employed in the assessment while
Part 2 provides detailed descriptions and evaluations of the techniques (AFJ, PC, TESEO,
THERP, HEART, IDA, SLIM and HCR) with illustrative case studies.

Kirwan (1990, ref.13) utilises some of the Human Reliability Assessors Guide findings
as part of a broader overview of human reliability analysis.

Techniques that appear as though they may be used in the assessment of offshore
activities include:

THERP - Technique for Human Error Rate Prediction;

IDA - Influence Diagram Approach;

SCHEMA - System for Critical Human Error Management and Assessment;
Task Analysis;

Function Analysis;

Link Analysis;

Human HAZOP (Hazard and Operability) Study;

SHERPA - Systematic Human Error Reduction and Prediction Approach;
PREDICT - Procedure to Review and Evaluate Dependency in Complex
Technologies;

Sneak Analysis;

Event Tree Analysis;

Task Hazard Identification;

SHARP - Systematic Human Action Reliability Procedure;

APJ - Absolute Probability Judgement;

PC - Paired Comparisons;

HCR - Human Cognitive Reliability;

HEART - Human Error Assessment and Reduction Technique;

SLIM - Success Likelihood Index Methodology; and

TESEO - Tecnica Empirica Stima Errori Operatori.

The techniques are summarised below. Wherever possible, information concerning
previous applications and advantages/disadvantages is included, together with a shortlist
of the most relevant literature reviewed. Other references are summarised in Table 2.
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THERP - Technigue for Human Eror Raté Prediction

THERP is 2 methodology which covers all elements of human reliability assessment. It
was developed in the 1960’s at Sandia National Laboratories to reduce the incidence of
production defects in nuclear weapons development. Due, in part, to its age the method
has been employed in many industrial applications, including offshore operations. It is
typically applied to highly proceduralised tasks and features a database of human error
probabilities which has found widespread use in probabilistic risk assessment.

Problem definition is by means of task analysis, with information gathered from systems
analysts and from plant visits.

The identification of human failures is based on treating human components of a system
as if they were analogs of machines, with simple failure modes. Hence, THERP tends
to focus on identifying slips and lapses resulting in errors of omission. The method is
limited in its ability to consider inappropriate but deliberate actions (errors of
commission). THERP does, however, allow consideration of error recovery and, to 4
certain extent, dependency between human dependent failures.

Conventional event trees are employed to represent the propagation of errors through the
system.

THERP allows quantitative assessment of human reliability by employing the database

of human error probabilities.
The data are based on a mixture of field experience and expert judgement and relate to
manual actions. They do not explicitly cover cognitive error probabilities.

Finally, THERP allows a reevaluation of system failure probability based on
recommended changes being implemented.

Due 1o its popularity, THERP has been the subject of a great deal of scrutiny - perhaps
more than other techniques. '

Criticisms of the method include:

- the resource requirements are considerable;

- itis not good for evaluating cognitive errors;

- it does not produce explicit design recommendations; and

- large discrepancies exist between different analysts’ estimates for the same task.

However, it is well known and generally acceptable for many applications. It is also
scrutible, auditable and compatible with probabilistic risk analysis techniques, €.2. fault
trees.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Kirwan (1990, ref.13)
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IDA - Influence Diagram Approach

Developed from the field of decision analysis, the inflence diagram approach may be
taken to assess all elements of a human factors assessment. The influence diagram
captures the model held by a group of experts regarding the dependence between the
likelihood of success of a given operation and the factors which are perceived to have an

affect.

The variables affecting the outcome are identified by a ‘brainstorming’ process, followed
by refinement of the model and representation in the form of an influence diagram.
Unlike other methods, IDA allows for interdependence between performance shaping
factors. The structure of the diagram provides a qualitative indication of the factors which
are most significant in influencing the outcome. Expert judgement may be applied at this
stage to screen out error-producing conditions of minor significance.

The influence diagram may be converted into the fault tree format (and vice versa) and
a computer program named DPL is available for this purpose.

Quantification is achieved by determining the ‘balance of influence’ at each Jevel of the
model. Several iterations may be required before consistency is accomplished throughout
the model, although the results at this point are final and require no additional calibration.

The technique is flexible in terms of the level of decomposition that it can handle and has
found application in the offshore industry.

However, IDA is potentially expensive in terms of the human resources involved as it
relies heavily on input from a group of experts at all stages of the process.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Kirwan & Ainsworth (1992, ref.15)

SCHEMA - System for Critical Human Error Management and Assessment

SCHEMA is an integrated framework of techniques for human factors assessment. The
method has been implemented as a computer program calied THETA - Top-down Human
Error and Task Analysis. Techniques employed in the SCHEMA methodology are as
follows: :

- hierarchical task analysis for problem definition; :

- human error analysis, which identifies action errors; checking errors;
retrieval errors (information from displays, procedures, and memory);
transmission errors (communication between individuals); and selection
eITors;

- qualitative screening;

- quantitative assessment, using SLIM; and

- suggested risk reduction strategy, implementation and monitoring of
results.

Sl Cpweeeneoqd o S 11 T R (R T | Coi e I
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References:
Embrey (1990, ref.18)
Task Analysis

Task analysis is primarily a2 means of problem definition, although elements of error
identification may also be incorporated when conducting a study of human reliability. As
well as describing the intended sequence of actions, such an application of task analysis
indicates points at which errors may be discovered and then recovered.

Several forms of task analysis process are available, a selection of which are as follows.
HTA - Hierarchical Task Analysis

Operator actions are considered in terms of the goals the operator is trying to
achieve. The result is a task model, indicating both the actions that need to be
carried out (tasks and subtasks) and the sequences in which they are performed

(plans).
" TTA - Tabular Task Analysis

The information contained in the diagram obtained from HTA may be

supplemented by recording data in tabular format using TTA. This form of task

analysis is particularly useful for dynamic situations which involve a considerable
. amount of decision-making.

Sequential Task Analysis

This form of task analysis examines operator actons as they occur in
chronological order. The technique is most suitable for proceduralised tasks,
although in practice hierarchical aspects should aiso be considered when
producing a task model.

Any number of techniques may be employed in order to perform a task analysis. A
comprehensive review of the methods available, which includes examples of previous
applications, is given by Kirwan & Ainsworth (1992, ref.15). This document stands out
as the most useful source of information on task analysis, and presents case studies
demonstrating previous applications in the offshore industry.

References:
Kirwan & Ainsworth (1992, ref.15)
Function Analysis
Function analysis is a method which identifies the roles of people in a system and their

inter-relationship with equipment and subsystems and is applied in support of task
analysis. Several techniques are available for performing function analysis, including link

10
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analysis which is described below.
Link Analysis

Link analysis is an ergonomic tool, principally of use in designing plant or control room
layout. It identifies the physical elements of a system and the interfaces between them
which are then represented as nodes and arcs, respectively on a link diagram. The length
of each arc indicates its relative importance e.g. frequency of use, within the system. It
is then analysed to indicate the optimal layout in tefms of person-machine interfaces
(operation of equipment) and person-person interfaces (communications). The technique
has been applied offshore in the design of control rooms.

References:

Kirwan & Ainsworth (1992, ref.15)

Human HAZOP (Hazard and Operability) Study

The classic HAZOP approach has been adapted to identify the potential for human
failures arising from deviations from intended sequences of actions. Human HAZOP
techniques systematically consider deviations from a set of keywords at each stage of a
task model, documented procedure, or work programme. Several techniques exist, each
with a set of keywords tailored for specific applications. Examples of these include:
Driller’s HAZOP: Operators’ HAZOP; and PHECA - Potential Human Error Cause

Analysis.
References:

Willis, Deegan & Owens (1994, ref.19)
Kile & Magnussen (1994, ref.20)
Kirwan (1990, ref.13) _
Kirwan & Ainsworth (1992, ref.15)

SHERPA - Systematic Human Error Reduction and Prediction Approach

SHERPA is a human error analysis technique. At each step in the task model, SHERPA
is applied to identify systematically the potential for human error to occur. It is a
structured question-answer routine and is available in the form of a computer program.
The technique is based on popular models of human error causation derived from
psychological theory. Output is in the form of a human error analysis table which
determines whether errors can be recovered immediately, at a later stage, or not at all,

and attempts to link error reduction measures to causes.

References:

Kirwan (1990, ref.13)

11
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PREDICT - Procedure to Review and Evaluate Dependency in Complex Technologies

The PREDICT approach is intended to identify seemingly bizarre human actions and
where these actions violate assumptions about the independence of systems. HAZOP-
based approaches are said to be limited in that they examine only what is happening
within the process and therefore do not consider interaction between systems. The
PREDICT approach differs from HAZOP in that it directs the analysis both inside and
outside the process and places greater emphasis on identifying ways in which latent
failures may reveal themselves. The approach features an extended set of guidewords
which, although allowing a comprehensive analysis, may in practice be tedious to apply.

References:

Williams & Munley (1992, ref.16)

Sneak Analysis

Sneak analysis is a method for identifying latent failures in a system. Hence, when
applied to human reliability assessment, it is particularly useful in identifying errors of
commission. It is based on a systematic consideration of failure modes for each element
of a process and identifies the ways in which the errors can cause the system to fail.

The method was developed for the analysis of electrical circuits and was subsequently
applied in the development of computer software. It is generally applicable to any ‘flow
oriented’ system and has been applied to identify human errors in process systems.

References:

Hahn, Blackman & Gertman (1991, ref.21)

Event Trees

Event trees are logic diagrams which illustrate how success or failure of specific events
within a given sequence give rise to various outcomes. A specific failure is analysed to
assess the opportunity for recovery at various stages of the scenario.

When applied to human factors assessment, the event tree represents the affect of human
actions on the system (errors and recovery paths) and, through quantification, the
likelihood of undesired consequences occurring. Variants of event trees include the
Operator Action Event Tree (OAET), the Human Reliability Analysis Event Tree (HRAET),
Extended Operator Action Tree (EOAT), and the Commission Event Tree (COMET).

In general, event trees have been found to be sufficient for simple models, but may not
be appropriate for describing systems with interdependency.

References:

Kirwan & Ainsworth (1992, ref.lS)

12
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Task Hazard Identification

Task hazard identification is merely the combination of a human HAZOP with an
Operator Action Event Tree. The results are employed as input to fault tree models.

SHARP - Systematic Human Action Reliability Procedure

SHARP is a qualitative screening method which is applied in HRA prior to full
quantification. It filters out errors which are apparently incapable of affecting the system
goal.

References:
Kirwan (1990, ref.13)
APJ - Absolute Probability Judgement
Otherwise known as ‘direct numerical estimation’, APY is the most direct appfoach to
quantifying HEPs. It is the simple use of engineering judgement to predict a human error

probability for a given action. Where input from several experts is employed, a number
of methods exist for compensating for biases to deliver a single value.

The approach has been applied to many industrial applications, including operations
offshore. The Human Reliability Assessor’s Guide presents a case study of APJ, applied
in combination with THERP to assess the risk of drilling into a live (producing) well.
The assessment was conducted at the design stage for a proposed platform.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
PC - Paired Comparisons
Paired comparisons is a method for geperating human error probabilities based on
engineering judgement. A panel of experts develops a scaled ranking of tasks in terms
of relative likelihoods of error. Two or more tasks with known HEPs are used to
calibrate the scale and hence determine HEPs for the remainder. '
There is no evidence of any application to the offshore industry.
References:

Human Reliability Assessor’s Guide (1988, ref.17)
HCR - Human Cognitive Reliability
HCR is a quantitative technique which provides cognitive error probabilities as a function

of time elapsed since the onset of an incident. The method assumes that the likelihood of
successful diagnosis increases with the time available to make a decision. HCR was

13
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developed in the nuclear industry as a means to evaluate the likelihood of control room
operators taking the appropriate actions to control an incident and avoid escalation to a

major accident.

The technique considers the effect of three performance shaping factors (operator
experience, stress and interface quality) using one of a set of three time-reliability
correlations. The correlation parameters are derived from nuclear power plant simulation
data. '

There is no evidence of any application to the offshore industry.

References:
Human Reliability Assessor’s Guide (1988, ref.17)
HEART - Human Error Assessment and Reduction Technique

The HEART method was developed in the mid 1980’s as a means of generating human
error probabilities for use in probabilistic risk assessment at the design stage of a project.
The method concentrates on evaluating the impact of a set of generic ‘error producing
conditions’ which excludes factors which experience has shown do not contribute
significantly to overall system reliability. Hence, some screening is imherent im the
method.

The technique is based around a database of human error probabilities, which is a
mixture of expert judgement and data from the ergonomics and psychology literature. The
factors are well defined and specific, making them easy to measure.

Since much of the ‘expertise’ is incorporated within the method, it requires only one
analyst to apply. The technique is therefore relatively quick and simple to use.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Kirwan (1990, ref.13)

SLIM - Success Likelihood Index Methodology

The SLIM technique is a means of generating human error probabilities for use in
probabilistic risk assessment. It employs a panel of experts to analyse a specific set of
tasks and define their relative likeiihood of success given the performance shaping factors
(PSFs) affecting human reliability in those tasks. Reference tasks with known human
error probabilities are included in the assessment so that the data may be calibrated.

The process may be summarised as follows:

- identify the performance shaping factors (PSFs) that affect the set of tasks;

- rate the tasks on the PSFs;

- apply weightings to the PSFs according to their relative importance on affecting
the likelihood of success;

14
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- evaluate the success likelihood index (SLI) for each task; and
- transform the SLIs to HEPs.

The SLIM approach is comprised of two modules. The first is called MAUD (Mulnl
Attribute Utility Decomposition) - a computer application which elicits the judgement of
several experts and then resolves ambiguities and biases between the inputs. The second

eyt e

module, SARAH (Systematic Approach to the Reliability of Humans) is the mathematical

routine which calibrates the SLIs and converts them to HEPs.

The resource required to perform a SLIM assessment is relatively high. However, once

an initial database has been established, the technique is relatively rapid to apply. It is

highly scrutible and auditable, and has a good theoretical basis.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Kirwan (1990, ref.13)

TESEQ - Tecnica Empirica Stima Errori Operatori

The TESEO method is an empirical technique to estimate operators’ errors, which was
developed in Italy in the late 1970°s, primarily for the process industries. The human
error probability for a given task is predicted as a function of five factors which are
assumed to be the major determinants of operator performance in any situation being
considered.

TESEOQ is simple, quick and easy to use. It is also quite crude and both the model and
data lack theoretical justification. There has been little publicised use of the technique and
no evidence of it having been applied in the offshore industry.

References:

Human Reliability Assessor’s Guide (1988, ref.17)
Atallah, Shah & Betti (1990, ref.22)

Human Factors in Offshore Activities

The literature has been searched for publications dealing specifically with human factors
in three offshore activities:

- well control;
- service vessel operations; and
- crane operations.

Well Control

Principles behind well control are described in depth in Blowout Prevention (PETEX,
1980, ref.23). The topics include kick detection, mistakes in well control and kick control

15
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There are numerous pubiications on current best practice and human factors issues in safe
drilling. A selection of these are Wand & Rasmus (1994, ref.24), Bamford & Wang
(1994, ref.25), and the series of articles on Blowout Control currently being published
in World Oil.

Service Vessel Operations

For service vessels, Jolly & Woodall-Mason (1994, ref.26) describe how incident
invesdgation and analysis was used to improve safety through changes to hardware,
procedures and organisation. Gibson (1992, ref.27) includes a section on emergency
duties as part of a comprehensive description of supply vessel operations.

Crane Opefations

Human factors issues in crane operations did not feature in any of the literature surveyed.

Accident and Incident Data

Until recently, the Department of Energy published an annual report, also known as The
Brown Book (ref.28), which contained statistics for "all accidents and dangerous
occurrences on or near installations and pipeline works or on attendant vessels in the
course of any operation in connection with an installation in the UKCS". The data are
coarsely divided across eleven broad categories, including Drilling, Boats and Cranes.
The statistics pertain only to major incidents (deaths, serious accidents and dangerous
occurrences) and provide no indication of the impact of human factors.

In the wake of the Piper Alpha disaster, the responsibility for safety in the UKCS was
transferred to the Health and Safety Executive, Offshore Safety Division (HSE-OSD).
Accident statistics ceased to be published in The Brown Book in 1991. The most recent

" data are the 1993 Offshore Accident and Incident Statistics, published by HSE-OSD in

report number OTC-94-010 (ref.29). Incidents are recorded by severity, by operation,
and by broad incident type. Again, the data are not refined enough to specify the human
contributon.

The OREDA handbook (ref.30) contains offshore refiability data collated from the
experience of operators in the Adriatic Sea, and the UK and Norwegian sectors of the
North Sea. The data are recorded according to the item of equipment in which failure
occurred. Similarly, WOAD (ref.31) is a database of worldwide offshore accident
statistics covering the period 1970-1991. Again, the data do not indicate the contribution
of human error to failure rates.

Ynnesdal & Bentsen (1994, ref.32) introduce Synergy, a pilot scheme for registragion and
analysis of Norwegian offshore incidents affecting health, safety and the environment.
Waterfall er alia (1994, ref.8) present an approach to incident investigation and anatysis
which is aimed at monitoring the performance of safety management systems. It
incorporates the TRIPOD theory to record human and organisationai factors contributing
to dangerous incidents.

16
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There has been little effort in the UK offshore industry to collate human reliability data
for any of its operations. The offshore risk assessment culture is still geared up to
hardware-based reliability data. Safety cases have, in general, been submitted on the basis
that failure data have human error inherent within them. Rather than examining human
factors as the cause of incidents, the emphasis has been on considering the impact of
human factors in response, i.e. from the potential escalation of incidents through to full

and safe evacuation.

Although there is as yet no database in the publib domain, there is evidence to suggest
that human error data collection has begun in parts of the oil and gas industry, e.g. see
-ref.33. ' ‘

Daza for Drilling Operations

Some incident and accident statistics are provided by Baker (1992, ref.34) in a review
of trends in drilling accident causation and risk reduction. Kick frequency data is
presented in a recent article by Aarestad (1994, ref.35) which describes a Norwegian
initiative for information and data exchange.

The Oil Industry International Exploration and Production Forum (1992, ref.36)
Hydrocarbon Leak and Ignition Database contains an entire appendix on blowout
frequency. Approximately 10% of wells in the database are located in Europe, i.e. UK,
Norway, the Netherlands and Denmark.

Data for Service Vessel Operations

The performance of attendant vessels in emergencies offshore is the subject of an
Offshore Technology Report OTH 87 274 (ref.37). The report examines the availability
and capability of attendant vessels in providing emergency services based on a review of
worldwide data. It also provides details of several evacuation incidents.

Lloyds Casualty Reports are renowned as a frequent and accurate source of information
on incidents involving service vessels, e.g. impacts with rigs.

Data for Crane Operations

SINTEE (1989, ref.38) presents a method to assess the probability of dropped objects
causing damage to subsea facilities. As part of this method, estimates of drop probability
are established on the basis of past accident reports and expert judgement. Actual data
are drawn mainly from the UK sector from sources such as The Brown Book (ref.28).
The data are general (average over a large number of platforms) and provide no
indication of the contribution of human error.

17
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PROJECTS IN PROGRESS AND FORTHCOMING EVENTS

While researching the latest developments in human factors in offshore operations,
several projects and conferences have been identified as potential sources of future
information. These are included in the review as they are likely to represent the ‘state of
the art’, even though no reports or proceedings are yet available.

The Robert Gordon University (RGU), Aberdeen is conducting several human factors
projects for the offshore industry, the results of which will be published by HSE. The
topics of these studies include analysing stress in survival course trainees; application of
information technology to training; and risk perception in offshore workers. RGU has
organised a conference "Understanding Risk Perception”, Aberdeen, February 2nd 1995,
where the findings of the study will be presented.

HSE continues to fund studies by the Department of Experimental Psychology, Oxford
University into human factors, shift work and alertness in the offshore oil industry. Other
human factors projects commissioned by HSE include a human factors analysis of drilling
control (report at approval stage) and a study on physical selection for rescue craft crew.

Conferences recently organised by IBC Technical Services Limited include "Task
Analysis for Industry”, London, December 6th 1994, and "Drilling Technology
Conference”, November 24th 1994,

Incident and Accident Data

Incident data collection is an increasingly important issue in the UK. The HSE is
currently in the process of amalgamating incident data from all industries into a single
database and is keen to extend industry’s obligations for incident reporting to cover ‘near-
misses’ as well as ‘major incidents’. In the offshore industry, the role of the
UKOOA/HSE Failure Rate Data working group includes human error data but at present
the group is focussing on hydrocarbon equipment leak data.
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CURRENT APPLICATIONS OF TECHNIQUES

There is evidence to suggest that the qualitative and pragmatic methods of task
observation and analysis have found some application in the offshore industry, though
their use is by no means widespread. A criticism of these techniques is that although they
indicate where deficiencies in human factors may have an adverse influence on the safe
execution of tasks, they do not provide sufficient information to effectively address the
problems identified. All too often, results indicate a need for more training, better
procedures, greater competence, etc., but are not specific in terms of the level of
improvement that would be considered sufficient.

Other, fundamental criticisms of current techniques include:

. several techniques are based on models of human failure that are yet to be
validated; and :

- with the apparent exception of the Influence Diagram Approach, techniques
generally model performance shaping factors as independent, when in fact this
may not be the case.

To gain acceptance, techniques must demonstrate the benefits of introducing change and
that such measures will prove to be cost-effective. However, as Atallah, Shah & Betti
(1990, ref.22) points out, no studies are available to show the link between performance
shaping factor modification and reduction in human error probability. This makes it
difficult to perform meaningful cost-benefit analysis.

As described abdve, there is a general lack of data on human error probabilities in the
public domain. This may be attributed to:

- the ‘denominator problem’, i.e. estimating the number of opportunities for errors

to occur in real tasks;
- confidentiality and unwillingness to publish data relating to poor performance; and
- lack of awareness of the usefulness of data collection.

However, regulatory bodies are taking a keener interest in the reporting of incidents and
of the human factors contributing to the causes. The Norwegian Petroleum Directorate
is already actively addressing this problem in the Norwegian offshore industry. In the
UK, HSE is also eager for improved reporting of incidents, aithough at present, apart
from major incidents (deaths, serious accidents and dangerous occurrences), incident data
is provided mostly on a voluntary basis.

Other potential sources of human error probabilities are simulator data and lab-based
studies. However, these data are obtained in artificial environments, so their applicability
to real situations is questionable.

It may also be possible to translate human error data from other industries. Potential
sources include the nuclear industry and the Gulf of Mexico offshore industry.

Due, in part, to the paucity of human reliability data, several of the techniques featured
in the review have been developed to generate human error probabilities (FIEPs) as input

19
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to quantitative risk assessment (QRA). These methods are generally perceived as too
subjective and not entirely appropriate in meeting the data requirements of QRA. They
have found little application in the UK offshore industry and so, in the absence of any
‘hard’ data, there has been a general reluctance to perform quantitative analyses.

20
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CONCLUSIONS

The literature review has covered a broad subject area and features much of the most
current information available. It has focussed on identifying references to techniques
which may be used to assess the impact of human factors on the safety of offshore
activities. Sources of offshore incident and accident data have been examined, though it
has been discovered that these seldom provide information concerning the contribution

of human failure.

There has been an apparent reluctance within the UK offshore industry to perform human
factors assessments. This may be attributed to a number of factors:

1. human reliability data specific to offshore activities are scarce;

2, as 2 consequence, quantitative assessment relies heavily on expert judgement and
is therefore perceived as time consuming, subjective and difficult to validate;

3. in terms of practical risk management, results have proved of little use in
improving the control of hazards; and

4. there is an apparent lack of validation, theoretical or otherwise, for techniques in
general.

21
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TABLE 1. ORGANISATIONS CONTACTED

IBC Technical Sarab Gilmoora House, 57-61 Mortimer Street, Organisers of Task
Services Ltd Ashmore | London, WIN 7TD Analysis for Industry
071-637-4383 (6/12/94). First HF
conference they've
organised.
IBC Technical Oil & Gilmoora House, 57-61 Mortimer Street, Organisers of Drilling
Services Ltd Gas Div. London, WIN 7TD Technology Conference
Helen 071-637-4383 (24/11/94). Also:
Smith Offshore Drilling
Technology.
BICS Crwain 0il & Gas Section, City Headquarters, Organisers: Incorporating
International Jenkins 1st Floor, Chandos House, 12-14 Berry Human Facrors into
Conferences Street, London, EC1V 0AQ. Offshore Safety Cases.
071-336-7988 (direct line) )
University of Barry Human Factors Dept Helpful. Source of
Birmingham Kirwan 021-414-4247 (direct line) further contacts and
references.
Techword Michael 0442 257635 Publishers of Offshore
Services ‘Wright Research Focus - HSE,
0S50, Matsu funded
research,
Taylor & 071-405-2237 Technical publishers
Francis renowned for their
ergonomics series.
Safety and Charlie Clayten House, 59 Piccadilly, Sent list of relevant SaRS
Reliability Famell Manchester, M1 2AQ Proceedings.
Society ' Tel: 061-228-7824
Fax: 061-236-6977
Institute of Helen Davis Building, 165-171 Railway Performed literature
Chemical Langham | Terrace, Rugby, CV21 3HQ search of "human
Engineers (Library) | Tel: 0788 578214 factors" - IChemE
‘ Fax: 0788 360833 databases.
HSE Enquiries | Information Centre, Broad Lane, Compiled list of relevant
Sheffield, 53 THQ. publications
Phone: 0742-892345
Fax: 0742-892333
HSE OSD Chris Aberdeen Helpful. Source of
Dykes 0224-252300 information on well
control.
HSE OSD Stephen Bootie Concerned with UK
Copmelly | 051-951-4000 offshore incident

statistics and accident
data.
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HMSO

Publications Centre, PO Box 276,
London, SW8 5DT.
071 873 0011

Sent list of relevant
HMSO publications

British Lending
Library

Garth
Frankland

Tel: 0937 546805

Document supply service
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